A new fluorescent molecule 1,7-diazaperylene (DP) has been investigated by means of time-resolved and steady-state polarized fluorescence spectroscopy, as well as X-ray spectroscopy. Absorption and fluorescence spectra of DP in solution are similar to those of perylene. However, absorption and fluorescence spectra of 2,8-dimethoxy DP and 2,8-dipentyloxy DP in solution are red-shifted by ca. 55 nm relative to perylene. The fluorescence decay of DP is exponential with a lifetime of 5.1 ns in ethanol, 4.9 ns in glycerol and 4.3 ns in paraffin oil. The radiative lifetime in ethanol was calculated to be 6.3 ns for DP, 8.0 ns for 2,8-dimethoxy DP and 7.6 ns for 2,8-dipentyloxy DP. The calculated fluorescence quantum yields of 0.8 for DP and its alkoxy derivatives in ethanol, are in good agreement with those obtained from measurements. The calculated Forster radius is 37.2 ± 1 A for DP and 41.9 ± 1 A for its alkoxy derivatives in ethanol. Examining the So +-+ S1 transition, we obtain a limiting fluorescence anisotropy of,o :::; 0.38 for DP and its alkoxy derivatives. The rotational rates of DP in paraffin oil and glycerol were compared to that of perylene. In paraffin oil both molecules show an almost identical biexponential decay of the fluorescence anisotropy, which is compatible with a rotational motion like an oblate ellipsoid. The fluorescence anisotropy is monoexponential for DP in glycerol, and DP appears to rotate like a spherical particle while perylene in glycerol appears to rotate like an oblate ellipsoid. Moreover, the rotational diffusion constant, corresponding to rotation about an axis in the aromatic plane (01.)' is the same for both DP and perylene in glycerol.
Perylene and its derivatives are of interest in various applications and are topics of research as, for example, chemically and light-stable pigments, 1 laser dyes,2-4 fluorescent solar antennas,s fluorescence immunoassays,6 reporter molecules in membrane research,7,8 probe molecules in membranes 9 as well as in the modelling of electronic energy transfer in lipid bilayers.
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In this article we report on fluorescence spectroscopic studies of 2 new derivative of perylene, 1,7-diazaperylene (DP; benz [de] isoquinolino[1, 8-gh] quinoline) and two of its derivatives, 2,8-dimethoxy-1,7-diazaperylene and 2,8-dipentyloxy-l,7-diazaperylene. The fluorescence lifetime and quantum yield were determined by means of time-resolved and steady-state fluorescence spectroscopy. From the fluorescence anisotropy of DP in glycerol and paraffin oil we analyse the rotational motions which we compare to results previously obtained for perylene. 11 ,12 The DP molecule has about the same molecular mass as perylene (see Fig. 1 ) but, owing to the Sp2 hybridization of two nitrogens, these can form hydrogen bonds with protic solvents. Furthermore, the aromatic plane of perylene is probably not planar because of steric repulsion between the hydrogen atoms bound to C-atoms 1 and 12, as well as 6 and The arrow indicates the transition dipole moment of the electronic So +-+ SI transition of perylene 7 . Recently, Zannoni and co-workers 13 reported that the two naphthalene rings of perylene are mutually tilted at an angle of ca. 11°. This steric hindrance is eliminated in DP. Hence DP is expected to be a 'planar perylene'.
Experimental 1,7-Diazaperylene and 2,8-dimethoxy-l,7-diazaperylene were synthesized as described in rer. 14.
2,8-Dipeotyloxy-l, 7 -diazaperyleoe 2,8-Dihydroxy-1,7-diazaperylene disodium salt 14 (1 g; 3 mmol) was dissolved in DMF (100 ml) and after addition of potassium carbonate (2.5 g) and 1-bromopentane (1.7 ml; 10 mmol) heated to 445 K for 3 h and then quenched by the addition of ice water (150 ml) and filtered (0.8 g). The raw material was purified twice by column separation with toluene and silica gel and then recrystallized from toluene. (5) 1251 (7) 1235 (3) 66 (2) C (1) 3569 (8) 2992 (10) 1897 (5) 76 (3) C (2) 2238 (9) 4224 (9) 1977 (4) 74 (3) C (3) 502 (7) 3688 (8) 1350 (4) 56 (2) C (4) -973 (10) 4858 (9) 1405 (5) 75 (3) C (5) -2589 (9) 4156 (10) 818 (5) 77 (3) C (6) -2877 (7) 2368 (8) 159 (4) 58 (2) C (7) -1496 (6) 1185 (7) 63 (4) 46 (2) C (8) 237 (6) 1852 (7) 677 (3) 44 (2) C (9) 1737 (6) 679 (7) 632 (4) 47 (2) (6) 4307 (1) 70 (1) C (6) -2604 (3) 8247 (6) 3768 (1) 66 (1) C (7) -1684 (3) 6238 (6) 3792 (1) 56 (1) C (8) -1532 (3) 4829 (6) 3257 (1) 63 (1) C (9) -576 (3) 2995 (6) 3336 (1) 61 (1) C (10) 548 (3) -246 (6) 2878 (1) 71 (1) C (11) 495 (3) -1386 (6) 2223 (1) 75 (1) C (12) 982 (3) 496 (7) 1790 (1) 77 (1) C (13) 929 (3) -615 (7) 1133 (2) 97 (2) C (14) 1448 (4) 1182 (8) A PRA 3000 system (Photophysical Research Ass. Inc., Canada) was used for single-photon-counting measurements of the fluorescence decay. The excitation source was a thyratron-gated flash lamp (Model 51OC, PRA) filled with deuterium gas and operated at ca. 30 kHz. The excitation wavelengths were selected by interference filters (Omega/ Saven AB, Sweden) centred at 409.4 nm (HBW = 13.0 nm) and 497.1 nm (HBW = 31 nm). The fluorescence emission was observed above 470 and 550 nm through long-pass filters Schott KV 470 and KV 550 (Schott, West Germany), respectively. The maximum absorbance of all samples was kept below 0.08. The time-resolved polarized fluorescence decay curves were measured by repeated collection of photons during 200 s, for each setting of the polarizers. The emission polarizer was fixed and the excitation polarizer rotated periodically. In each experiment the decay curves FII(t) and F 1.(t) were collected. The suffices 11 and ~ refer to an orientation of the emission polarizer parallel and perpendicular with respect to the excitation polarizer. From these a sum curve
and a difference curve
were calculated. The correction factor, G, was obtained by normalizing the total number of counts F 11 and F 1. collected in F lI(t) and F 1.(t), respectively, to the steady-state anisotropy, r s , as
The data were analysed with a MINC-I1/03 computer using the deconvolution software (DECAY V3.0a, ATROPY V1.0) developed by PRA. 
the radiative lifetime ro is obtained. Since the fluorescence lifetime is known from the time-resolved fluorescence decay, the quantum yield is obtained from r = 4>ro. The value of 4> is compared with that determined independently as described above. 
where N A and n denote the Avogadro constant and the refractive index of the medium. (K2) is a mean value of the orientational part of a dipole-dipole interaction. In order to calculate an explicit value on the Forster radius it is convenient to choose (K2) = 2/3 as reference state which corresponds to the mean value for an interaction between rapidly rotating dipoles in a three-dimensional system. This case is often referred to the dynamic limit or the fast case. We denote this Forster radius by Ro. For ethanol n = 1.36.
Results and Discussion
Geometry by Crystal Structure Analysis
The geometry of 1,7-diazaperylene has been examined by crystal structure analysis. 1,7-Diazaperylene crystallizes in two or more modifications. The reported 14 yellow needles have a melting point of 529-530 K and correspond to a metastable modification. Owing to lattice displacements a crystal structure analysis of this modification could not be obtained. However, recrystallization from toluene-acetone 51 (4: 1) yields a more stable modification. This modification has a melting point of 537-538 K, an orange colour and it forms crystals suitable for structure analysis. The structure of 1,7-diazaperylene is given in Fig. 2(a) . The structure of aromatic systems may be appreciably deformed by lattice forces. 21 In order to exclude that the planarity of 1,7-diazaperylene is just a consequence of these forces, the crystal structure of the derivative 2,8-dipentyloxy-1,7-diazaperylene was additionally determined and displayed in Fig. 2(b) . Both structures confirm the planarity of the aromatic heterocycle.
Spectral and Photo physical Properties The fluorescence lifetime of DP in glycerol and paraffin oil is monoexponential, 4.9 and 4.6 ns, respectively, and independent of temperature in the range 260-305 K as investigated in this work.
The Forster radii of DP and the dialkoxy derivatives of DP in ethanol were found to be 37.2 ± 1 and 41.9 ± 1 A, respectively. These values are greater than 33.6 ± 0.2 A reported for 2,5,8,11-tetra-tert-butylperylene (TB Pe, see ref.
10 and papers cited therein). The greater Ro values of DP and the dialkoxy derivatives, as compared to that of TBPe, are mainly due to their more efficient overlap between absorption and fluorescence spectra.
Fluorescence Anisotropy
In order to obtain information about the polarization of the electronic transition dipoles of the So ~ SI transition, we examined the fluorescence excitation and emission ani sotropies at low temperatures, where rotational motions of the fluorophores can be neglected. Both excitation and emission anisotropies are constant with excitation and emission wavelengths, respectively, which shows that the band corresponds to one direction of the electronic transition dipole moment. The steady-state anisotropy of DP and alkoxy-DP in glycerol approaches a constant value below ca. 260 K. This means that indeed the influence of rotational motions is negligible, and that the value of the limiting fluorescence anisotropy, r o , is reached. The obtained values of ro are 0.375 ± 0.005 for DP and 0.382 ± 0.005 for its derivatives. These values of ro are somewhat larger than those found for perylene and its alkyl derivatives,21 but they are still significantly smaller than 
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A/nm Fig.3 Absorption (--) and fluorescence (---) (corrected) spectra of 1,7-diazaperylene (bold lines) and 2,8-dipentyloxy-l,7-diazaperylene (feint lines) in ethanol the theoretical value of 2/5, expected for parallel absorption and emission dipoles. Since the DP chromophore is planar, as shown by X-ray spectroscopy, the deviation between the observed and theoretical values of ro cannot be ascribed to the non-planarity of the perylene molecule in its ground state. However, the deviations between ro and 2/5 found for DP can still be due to a distortion of the excited-state geometry.
The rotational motion of DP in paraffin oil and glycerol has been studied by means of time-resolved fluorescence anisotropy. The viscosity of paraffin oil followed the relation 1 " = "0 exp(L\E,,1 R T)
with L\E" = 45.3 kJ mol-1 and '10 = 1.26 cP. The steady-state anisotropies of D P and perylene in paraffin oil are very similar at different temperatures (data not shown). This indicates that both molecules rotate in much the same way which is also supported by the time-resolved fluorescence anisotropy [r(t)]. The decay of r(t) fits nicely to a sum of two exponential functions, as expected if the molecules undergo rotational diffusion like an oblate ellipsoid, that is 22 ,23 
In eqn. (lb) and (le) D denotes the diffusion coefficient for ro!ation about (.1) and perpendicular (11) to the Coo symmetry aXIS of an oblate molecule. For mutually parallel absorption and emission dipoles polarized perpendicular to the Coo axis, a 1 = 0.1 and a 2 = 0.3. The pre-exponential factor a 1 is insensitive to librational motions about the Coo axis while such motions, as well as a small inherent angle between the absorption and emission dipoles, will effectively decrease a 2 so that, for example, a 2 ~ 0.26 for an angle of 5° (see rer. 12).
We find that r(t) for DP, as well as for perylene in paraffin oil can be analysed with eqn. (la) for essentially the same values of a 1 ~ 0.1 and a 2 < 0.3. As can be seen from Fig. 4 , the rotational correlation times <P1 and <P2 are very similar for DP and perylene. Consequently, the rotational diffusion coefficients, calculated from eqn. (lb) and (le), also become very similar. The ratio of D II/D 1-~ 10 is essentially the same as that previously obtained for perylene in propylene glycol 24 as well as glycerol. 11 Zinsli interpreted this result as indicating boundary conditions between slipping and sticking. 2 5 Let us proceed to the anisotropy data obtained for DP in glycerol, and compare these data with those of perylene. The steady-state anisotropy of DP as a function of temperature is significantly larger than that of perylene, which strongly suggests a slower rotational relaxation of DP (data not shown). Moreover, r(t) of DP is a monoexponential function in contrast to perylene, where r(t) is biexponential. For DP the preexponential factor is ca. 0.38 at all temperatures studied, i.e. between 264 and 303 K. This is compatible with a diffusion coefficient of DII ~ D 1-= Din eqn. (1), yielding
and it means that the rotational motion of DP in glycerol resembles that of a spherical particle. Comparison with the data on perylene in glycerol 11 demonstrates that the diffusion coefficient of the diazaperylene is equal to D 1-of perylene, within the accuracy of the experiment. This is illustrated in Fig. 5 . Thus, the rotational rate about an axis in the aromatic plane of DP and perylene are equal. This could also be expected, since the size and mass of DP is nearly equal to that of perylene, suggesting that such a rotation involves the same energy of displacing the same number of solvent molecules. However, the reason that DII ~ D 1-for DP must be ascribed to hydrogen bonding between the nitrogens of DP and the OH groups of glycerol. Because of these bonds, the solvent will stick to DP and hamper the rotational rate about the Coo axis. Furthermore, the finding of nearly identical rotational motions of DP and perylene in paraffin oil, where no hydrogen bonds can be formed, supports this explanation.
